Acute renal failure is an abrupt decrease in renal function. Interleukin (IL)-10 inhibits ischemic and cisplatin-induced acute renal failure. We aimed to determine whether IL-20 affects renal tubular epithelial cells and is associated with acute renal failure. We analyzed the expression of IL-20 and its receptor (R) in the kidneys of rats with HgCl 2 -induced acute renal failure. 
3 IL-20 has potent inflammatory, angiogenic 4, 5 and chemoattractive characteristics. 6 IL-20 targeted keratinocytes, endothelial cells and synovial fibroblasts and was associated with psoriasis, 7 rheumatoid arthritis 6 and atherosclerosis. 5 Acute renal failure is a rapid drop in the glomerular filtration rate that leads to the accumulation of nitrogenous waste such as serum creatinine and blood urea nitrogen (BUN). There are many causes of acute renal failure, but the most common is injury of renal tubular epithelial cells by ischemia or cytotoxic regents, 8 which resulted in their necrosis or apoptosis. 9 There are two major apoptotic pathways in human ischemic acute renal failure. The intrinsic pathway requires translocation of Bax to the mitochondria followed by the release of cytochrome c and activation of caspase 9. The extrinsic pathway is through the activation of caspase 8. 10 Although animals with HgCl 2 -induced nephrotoxicity provide a well-established animal model for studying acute renal failure, we do not have a detailed understanding of the toxicological mechanism of this model. One possibility is lipid peroxidation associated with the development of mild necrosis in proximal tubule epithelial cells. 11 Another possibility is mercury-induced ion imbalances leading to renal toxicity. 12 Moreover, nephrotoxin-reduced renal blood flow resulted in renal ischemia. 13 Interleukin-10 is a pleiotropic cytokine with many immunosuppressive effects and a few immunostimulatory effects. 14 Previous studies found that IL-10 decreased renal injury in animal models treated with either cisplatin or ischemia. 15 IL-10 dramatically inhibited both inflammatory, cytotoxic and apoptotic pathways of renal injury. As IL-20 is a member of the IL-10 family, we investigated whether IL-20 was also involved in the pathogenesis of acute renal failure.
Results
Generating HgCl 2 -induced acute renal failure in rats To confirm that the rats in our animal model had HgCl 2 -induced acute renal failure, we analyzed their renal function. We collected their sera from day 0 to day 8. Serum creatinine levels began to rise on day 1, peaked on day 2 and returned to baseline on day 8 ( Figure 1a) . BUN levels began to rise on day 1, peaked on day 4 and returned to baseline on day 8 (Figure 1b) .
Transcripts of rat (r)IL-20 and its receptors increased in the kidneys of rats with HgCl 2 -induced acute renal failure To investigate whether IL-20 is involved in acute renal failure, we sacrificed the rats at different time points and compared the transcripts of rIL-20 and its receptors with those of healthy controls. Reverse transcription-PCR (RT-PCR) revealed that rIL-20, rIL-20R1, rIL-20R2 and rIL-22R1 had increased in the kidneys of the experimental rats (those with acute renal failure) and had peaked on days 1 and 2 ( Figure 2A ).
Protein expression of rIL-20 in the kidneys of experimental rats
To confirm that the rIL-20 protein level as well as the transcript level had increased, we analyzed the kidney tissue using immunohistochemical staining with anti-IL-20 antibodies. The expression levels of rIL-20 protein were upregulated and were strongly stained on days 1 and 2 ( Figure 2B ). We also investigated what kinds of cells expressed rIL-20 in the kidneys of experimental rats. rIL-20 was expressed in Henle's loop and distal tubular epithelial cells in pretreated control rats (Figure 2Ca ). Two days after experimental rats had been injected with HgCl 2 , rIL-20 was strongly expressed in Henle's loop, distal and proximal tubular epithelial cells (Figure 2Cc ), Figure 1 Renal function in rats with HgCl2-induced acute renal failure. (a) Serum creatinine and (b) BUN levels were detected at different times (as indicated) after they had been injected with HgCl 2 on day 0. Values are means±s.e. (n ¼ 3/group). *Po0.05 compared with controls (day 0).
Figure 2
Transcript levels and immunohistochemical staining of IL-20 and its receptors in the kidneys of rats with HgCl2-induced acute renal failure. Experimental rats were sacrificed at different times as indicated (day (D) 1 to D8) after they had been injected with HgCl 2 on D0. (A) Total RNA was isolated from their kidneys for RT-PCR analysis with equal amounts of cDNA and primers specific for rat (r)IL-20, (r)IL-20R1, (r)IL-20R2 and (r)IL-22R1 to amplify the transcripts. b-actin was an internal control. Ctrl, control; H12, 12 h after injection of HgCl 2 . (B) Paraffined sections of kidney tissue were stained using anti-IL-20 monoclonal antibody 7E. The reaction was detected using 3-amino-9-ethylcarbazole chromogen stain (red), and the nuclei were counterstained with hematoxylin (blue) (magnification: Â 400). Experimental rats were killed at different times (as indicated) after they had been injected with IL-20 and its receptors were expressed in human proximal tubular epithelial cells As we found that rIL-20 was overexpressed in the kidneys of experimental rats, and that proximal tubular epithelial cells play an important role in the pathogenesis of acute renal failure, we used human proximal tubular epithelial cells (HK-2) to perform in vitro study. We found that IL-20 and its receptors were expressed in HK-2 cells at both transcript ( Figure 3a ) and protein levels ( Figure 3b ). (Figure 5c ). There are two major apoptotic pathways in human ischemic acute renal failure; the intrinsic and extrinsic pathways. To investigate the IL-20 pathway through which apoptosis was induced, we used Western blotting with anti-caspase 8 and 9 antibodies. We found more cleaved caspase 9 in treated than in untreated HK-2 cells (Figure 5d ) and that the amount was dose-dependent. We also found only the precursor form of caspase 8 and that the level was not changed after treatment with hIL-20 (data not shown). The result demonstrated that IL-20 induced apoptosis through activation of caspase 9, the mitochondrial pathway. 
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IL-20 upregulated transforming growth factor-b1 transcripts
Increasing evidence indicates that the inflammatory response plays a major role in acute renal failure. 16 Injured proximal tubular epithelial cells generate a number of mediators that potentiate the inflammatory response, such as proinflammatory cytokines and chemotactic cytokines. IL-20-induced epithelial cell apoptosis H-H Li et al regulated on activation normal T cell expressed and secreted) in HK-2 cells. After HK-2 cells had been incubated with IL-20 for 6 h, we analyzed the induction of transcripts using RT-PCR with primers specific to cytokines and chemokines. Only TGF-b1 transcript was upregulated (Figures 7a and b) . None of the other cytokines (tumor necrosis factor-a, IL-6 and IL-1b) or chemokines (monocyte chemotactic protein-1, IL-8 and regulated on activation normal T cell expressed and secreted) were induced by IL-20 treatment (data not shown).
IL-20 upregulated IL-1b transcripts in hypoxic HK-2 cells
The injured renal tubular cells generated a number of proinflammatory cytokines. However, we did not find that IL-20 treatment of normoxic HK-2 cells significantly upregulated proinflammatory cytokines or chemokines other than TGF-b1. Therefore, we speculated that the .67 nM of 7E alone. Cells were fixed using ethanol, stained using propidium iodide (PI) and analyzed using flow cytometry. The percentages of dead cells (M1 region) are quantified in (C).
IL-20-induced epithelial cell apoptosis
H-H Li et al proinflammatory cytokines might be upregulated in hypoxic cells. We incubated HK-2 cells with IL-20 in a hypoxic (1% O 2 ) or normoxic (18% O 2 ) chamber for 8 h. All samples were analyzed using RT-PCR with primers specific to cytokines and chemokines. HK-2 cells endogenously expressed IL-1b, which significantly increased in hypoxic HK-2 cells but not in normoxic cells (Figures 7c and d) . None of the other cytokines (for example, tumor necrosis factor-a and IL-6) or chemokines (for example, monocyte chemotactic protein-1, IL-8
and regulated on activation normal T cell expressed and secreted) were induced by IL-20 treatment (data not shown).
Hypoxia upregulated the transcripts of IL-20 and IL-22R1
Renal ischemia is a major factor involved in the pathogenesis of human acute renal failure. IL-20 and its receptors were upregulated in the kidneys of experimental rats, and HgCl 2 -reduced renal blood flow resulted in renal ischemia. Therefore, we speculated that 
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20-induced epithelial cell apoptosis H-H Li et al IL-20 and its receptors might be upregulated under hypoxia. To test this
Discussion
This study proposes a new mediator, IL-20, for acute renal failure. We confirmed the association of IL-20 with acute renal failure in vivo, and in vitro studies showed that IL-20 induced mitochondria-dependent apoptosis of human renal epithelial cells and upregulated TGF-b1 and IL-1b transcripts, both of which are involved in the pathogenesis of acute renal failure. 10 We found that IL-20 and its receptors were overexpressed in the kidneys of rats with acute renal failure, which indicated an association between IL-20 and acute renal failure. IL-20 levels showed a trend similar to those of serum creatinine and BUN levels, which implied that IL-20 contributes to the severity of the acute renal failure. We also generated another animal model of ischemia/reperfusioninduced acute renal failure in addition to HgCl 2 -induced renal failure. IL-20 and its receptors were similarly overexpressed in the kidneys of these rats (data not shown).
Interleukin-20 was upregulated in the kidneys of experimental rats and expressed strongly in Henle's 17 infiltrating cells generate cytokines, chemokines and growth factors and play roles in both injury and regeneration process. 18 Thus, IL-20 may have various functions in the pathogenesis of acute renal failure.
Previous studies showed that IL-20 targeted keratinocytes, 19 synovial fibroblasts 6 and endothelial cells. 4 In this study, we found a new target for IL-20: renal tubular epithelial cells. Human tubular epithelial cells expressed both IL-20 and its receptors, which indicated that IL-20 may act on epithelial cells in an autocrine manner.
This study also showed that IL-20 induced apoptosis and necrosis in renal epithelial cells. This is the first report of this novel function. Among the members of IL-10 family, IL-19 induced apoptosis of human lung epithelial cells, A549 cells, 20 and IL-24 induced apoptosis of many kinds of tumor cells 21 and activated nuclear factor-kB to supply survival signals in normal cells. 22 Apoptosis and necrosis of renal proximal tubular epithelial cells are important in acute renal failure. Therefore, IL-20 may be significantly involved in the pathogenesis of acute renal failure. Apoptosis and necrosis of tubular epithelial cells were also involved in many renal diseases such as chronic 23 and acute renal failure, 24 renal stone formation 25 and autosomal dominant polycystic kidney. 26 Therefore, we postulated that IL-20 may also be involved in the pathogenesis of other renal diseases characterized by epithelial cell injury.
Extracellular signal-regulated kinase 1/2 activation is required for apoptosis in renal epithelial cells, 27, 28 and JNK cascade activation is considered an important intermediate of cell apoptosis, especially in apoptosis of tubular cells. 29 Therefore, JNK and ERK 1/2 activation by IL-20 in HK-2 cells supports the notion that IL-20 induces cell death in HK-2 cells.
Transforming growth factor-b1 is a critical mediator of renal injury. It promotes excessive inflammation and IL-20-induced epithelial cell apoptosis H-H Li et al extracellular matrix deposition, thereby contributing to the progression of renal disease. TGF-b1 is the main inducer of epithelial-to-mesenchymal transition in the kidney 30 and also promotes tubular apoptosis by activating caspases. 31 Some studies 32 report that TGF-b1 promoted tissue regeneration followed by acute injury. Thus, the induction of TGF-b1 by IL-20 might work as a double-edged sword involved in both the damage and repair of proximal tubular epithelial cells.
Cisplatin-induced acute renal failure is associated with the increase of cytokines, IL-1b, IL-8 and IL-6, as well as neutrophil infiltration in the kidney. 33 IL-20 gene expression is induced by IL-1b in cultured normal human keratinocytes. 34 IL-1b plays a major role in the proinflammatory response. Interestingly, we found that IL-20 upregulated the transcription of IL-1b only in hypoxic cells and anti-IL-20 antibody reduced the expression of HgCl 2 -induced IL-1b in vivo. It is possible that some hypoxia-induced proteins work together with IL-20 or promote the upregulation of IL-1b by IL-20. In addition, increased IL-22R1 in hypoxic HK-2 cells might make them more sensitive to IL-20. We found that IL-20 was upregulated in hypoxic cells, and other studies 35 showed that HgCl 2 induced renal ischemia. Therefore, HgCl 2 -induced hypoxia may contribute to the overexpression of IL-20 in the kidneys of rats with acute renal failure. Renal ischemia is one major factor involved in the pathogenesis of human acute renal failure. 36 Thus, IL-20 may also be induced in the kidneys of patients with acute renal failure and injured renal tubular epithelial cells.
The potent inflammatory, angiogenic and chemoattractive characteristics of IL-20 have been delineated, as has its involvement in many diseases. 37 This study found a novel biological function of IL-20: the induction of mitochondria-dependent apoptosis in renal epithelial cells by activating caspase 9; it also found that IL-20 is associated with acute renal failure and that IL-20 antibody significantly protected rats of HgCl 2 -induced acute renal failure. The mechanism may be through reducing tubular cell death, the expression of TGF-b1, and IL-1b in the kidneys of rats with HgCl 2 -induced acute renal failure. All the in vivo results supported the in vitro results. These findings suggest that IL-20 or its receptor complexes may become new therapeutic targets of drugs that block IL-20 activities. These drugs include antibodies or small molecules that neutralize IL-20, block the cell-surface receptors of IL-20 or inhibit the intracellular signals of IL-20. Our anti-hIL-20 monoclonal antibody may have such therapeutic potential.
Materials and methods
Animal model of mercuric chloride induced acute renal failure Male Sprague-Dawley rats (280-320 g) were purchased from BioLASCO Taiwan Co., Ltd. The rats were given 3 mg per kg body weight of HgCl 2 in normal saline by subcutaneous injection and killed 0, 0.5, 1, 2, 4 and 8 days after the HgCl 2 injection. Their serum creatinine and BUN levels were analyzed to monitor the renal function. The left kidneys were fixed in 3.7% formaldehyde for immunohistochemical staining and the right kidneys were stored in liquid nitrogen for RNA isolation. All procedures were carried out with strict adherence to the NIH Guide for the Care and Use of Laboratory Animals and approved by the Animal Care and Use Committee of the animal center in National Cheng Kung University, Tainan, Taiwan.
Reagent
The human IL-20 protein was purchased from R&D Systems Inc. (Minneapolis, MN, USA) . The generation and specificity of anti-hIL-20 antibody, 7E, was performed using a standard protocol as described in a previous study. 0 -TGGCATCGTGATGGACTCCG-3 0 . Polymerase chain reaction products were visualized on 2% agarose gels containing ethidium bromide. b-actin was an internal control. The relative quantity of the PCR products versus b-actin were analyzed using the Version WorkssLS Image Acquisition and Analysis Software (UVP, Upland, CA, USA).
Immunohistochemical staining Anti-IL-20 monoclonal antibody (7E), anti-TGF-b1 (Abcam, Cambridge, UK) and anti-IL-1b (R&D systems, Minneapolis, MN, USA) antibodies were used to perform immunohistochemical staining as described previously. 7 Mouse isotype IgG 1 was a negative control for anti-IL-20 antibody. Immunoreactivity was detected using a 3-amino-9-ethylcarbazole substrate kit for peroxidase (DakoCytomation, Carpinteria, CA, USA) and nuclei were counterstained with hematoxylin.
Cell culture
The HK-2 cell was a cell line of human proximal tubular epithelial cells, which was purchased from American Type Culture Collection (CRL-2190). All in vitro experiments were done using HK-2 cells between passages 10 and 20.
Immunocytochemical staining
The immunocytochemical staining was done as described previously. 6 Briefly, HK-2 cells were grown on sterile chamber slides, fixed and blocked, and then primary antibodies (anti-IL-20, anti-IL-20R1, anti-IL-20R2 or anti-IL-22R1 monoclonal antibodies) were added. After incubation with secondary antibodies, the immunoreactivity was detected.
Detection of cell death
The renal epithelial cells were seeded at 1 Â 10 6 cells ml À1 in 6-cm dishes and stimulated by different reagents for 24 h. After removing the culture medium, the cells were trypsinized and fixed with 50% ethanol. Before flow cytometric analysis, cells were washed three times with cold phosphate buffer saline and stained with PI for 10 min. The presence of sub-G 0 /G 1 phase was used as an indicator of cell death. The percentage of cells in sub-G 0 / G 1 phase was quantitated using WinMDI 2.8 software.
Measurement of apoptosis and necrosis
Apoptosis and necrosis were determined using an annexin-V/PI staining kit (BD Biosciences, San Jose, CA, USA). In brief, cells were treated with different reagents for the indicated times and cells were trypsinized and resuspended in 50 ml of binding buffer containing fluorescein isothiocyanate-conjugated annexin-V and PI. After 15 min, 200 ml of binding buffer was added and the cells were analyzed with a flow cytometer. Ten thousand events were recorded from each assay. The annexin-V-positive cells were considered apoptotic cells, and the annexin-V-negative/PI-positive cells were considered necrotic cells. 3 Terminal deoxynucleotidyl transferase-mediated uridine triphosphate nick end labeling assay The HK-2 cells were seeded on eight-well chamber slides and treated with or without 11.36 nM of IL-20 for 24 h. After removing the culture medium, the breaks of DNA strands induced by apoptosis were detected using an in situ cell death detection kit (Roche, Basel, Switzerland). The terminal deoxynucleotidyl transferase-mediated uridine triphosphate nick end labeling assay was done according to the manufacturer's instructions. 4 0 ,6-Diamidino-2-phenylindole was used to stain cell nuclei. Finally, the slide was visualized with an Olympus microscope.
Western blotting Cells were seeded at 1 Â 10 7 cells ml À1 in 10-cm dishes and stimulated by different concentrations of IL-20 for 24 h. Western blotting with anti-caspase 8 and 9 (Cell Signaling, Danvers, MA, USA) antibodies was done according to the manufacturer's instructions. In addition, the HK-2 cells were seeded at 1 Â 10 6 cells ml À1 in 6-cm dishes and starved for 17 h. They were then stimulated by 11.36 nM of IL-20 for the indicated time periods. Western blotting with antibodies specific for phosphorylated ERK 1/2 and JNK (Cell Signaling) was done according to the manufacturer's instructions.
In vivo study To protect the rats from acute renal failure, male Sprague-Dawley rats (200-220 g) were on days À2, À1, 0 and 1, subcutaneously injected with 3 mg per kg body weight of anti-hIL-20 monoclonal antibody 7E in phosphate buffer saline, and on day 0, they were subcutaneously injected with 3 mg per kg body weight of HgCl 2 in normal saline. Control rats were subcutaneously injected with HgCl 2 or 7E alone.
Histology examination
Tubular damage, defined as 'the loss of nuclei', was estimated by counting the percentage of damaged tubules in 20 high-power fields per section.
Statistical analysis
Significant difference was evaluated with Student's t-test using a statistical software package in Microsoft Excel. Results are given as means±s.e.m., and Po0.05 was considered statistically significant.
